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Abstract 
The purpose of this research is to examine femoral variation within the Plateau region of 
North America by using external measurements. Femoral measurements from the 
Northern and Southern regions of the Plateau were analyzed for temporal and spatial 
changes in femur shape associated with a change a from hunter-gatherer lifestyle in the 
prehistoric period to a more sedentary lifestyle in the historic period. Results indicate that 
there is no significant variation between the Northern and Southern Plateau samples. 
Results do, however, indicate that there are differences in the femoral measurements of 
prehistoric and historic populations. Changes in femoral size are very significant in the 
maximum diameter of the head, and differences are somewhat evident in the following 
measurements; midshaft mediolateral diameter, trochanteric length, and femur midshaft 
diaphyseal shape. Historic populations have a larger femoral head diameter, and tend to 
have shorter, wider (mediolaterally at midshaft) femora. While prehistoric populations 
tend to have a longer femora that is anteroposteriorly elongated at midshaft. These 
differences may reflect changes in the mechanical loads placed on the femur during the 
highly mobile prehistoric period and the increasingly sedentary historic period. 
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Chapter 1 
Introduction 
This study investigates temporal and spatial differences in femoral size and shape 
from the Plateau region of North America, using the biomechanical approach. The goal 
of this research is to examine the effects of activity on cross-section of the femur and to 
analyze femoral variation within the Plateau of North America. To achieve the goal, the 
data will be examined using external femoral measurements from a sample encompassing 
two regions and two time frames of the Plateau. Samples from the Northern and 
Southern Plateau will be examined. Highly mobile hunter-gatherers exemplify the 
Prehistoric time period, and the Historic time period is typified by a modified indigenous 
culture with a more sedentary lifestyle. The biomechanical approach suggests that 
behavior, particularly changes in physical activities, can be inferred by the study of long 
bone cross-sectional shape. Differing mechanical loads, indicative of diverse activities, 
cause modeling of the midshaft, thus changing the shape of the bone. The differences in 
activities between the Prehistoric and Historic periods on the Plateau should be evident in 
the analysis of the femora from the region. 
Bone Biomechanics 
"Biomechanics is the application of engineering principles to biological systems. 
In a biomechanical model, a long bone is modeled as a beam, and the bone is treated as a 
dynamic tissue that continually modifies itself in relation to the types and magnitude of 
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mechanical loads placed on it during life" (Wescott 2001 :26). Bone continually modifies 
itself, through modeling and remodeling, throughout the life of an individual based on the 
mechanical loads placed on it. Mechanical forces are reflected in the diameter, shape, 
and cortical thickness of the bone (Wescott and Cunningham 2006). If large mechanical 
loads are placed on a bone, through strenuous activity, modeling will increase. There are 
four kinds of loading forces on long bone: tension, compression, and more importantly, 
bending and torsion (Wescott 2001 ). "Bending force involves compression on the 
concave surface and tension on the convex surface of the bone. Torsion, on the other 
hand, is a combination of compression, tension, and shear, and occurs when the bone is 
twisted" (Wescott 2001 :14). It is suggested that the greatest response to this mechanical 
loading is evident in the cross-sectional shape of long bones (Larsen 1997). 
Larsen (1997) has developed a "mobility index" which is the ratio of the femoral 
midshaft anteroposterior diameter and midshaft mediolateral diameter. A value of 1 .0 
indicates that the cross-sectional shape of the femur is round, a value greater than 1 .0 
signifies that the cross-section is anteroposteriorly elongated, and a value less than 1 .0 
suggests that the cross-section is mediolaterally elongated (Ruff 1987). This 
measurement should reflect the mechanical loads placed on the femur. 
Many anthropological biomechanical studies have focused on the shift from 
hunter-gatherer to horticultural subsistence strategies throughout the United 
States(Bridges 1989; Ruff and Larsen 1990; Ruff 1987, 1994, 1 999; Wescott 2001 ,  2006; 
Wescott and Cunningham 2006). 
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A recurrent theme in most biomechanical studies is that hunter-gatherers 
exhibit greater robusticity in their long bones, greater sexual dimorphism 
in diaphyseal shape, and an anteroposteriorly elongated femoral midshaft, 
especially in males. Ruff and colleagues have argued that this pattern of 
morphology suggests hunter-gatherers led a more active lifestyle, were 
more mobile, and engaged in significantly more sex-specific activities 
than farmers (Wescott 2001:183). 
Ruff (1987) suggests that due to the more active lifestyle of the hunter-gatherers 
more bending force is placed on the midshaft of the femur. "If bending is involved, 
formation drift adds new bone to surfaces under concave-bending flexure and resorption 
drift removes bone under convex-binding flexure" (Wescott 2001 :24). Thus, the femur 
becomes more anteroposteriorly elongated at midshaft. 
Additional biomechanical studies have focused on terrain (Ruff 1999, 2000) and 
climate (Pearson 2000). Ruff (2000) suggests that terrain may play a great role in 
diaphyseal shape than subsistence, he studied groups throughout the United States who 
had similar subsistence strategies and found that those groups in mountainous regions had 
more robust femora (Wescott 2001 ). Pearson (2000) found that populations in colder 
climates had more robust femora and attributed it to the fact that warm-climate hunter­
gatherers collect more plant food while cold-climate hunter-gatherers subside on animal 
foods that require more mobility to hunt (Wescott 2001). Still more studies have focused 
on nutrition (Ruff 1990; Frost 1997), sexual dimorphism (Ruff 1987; Feik et al. 2000; 
Wescott 2006), bilateral asymmetry (Ruff and Jones 1981; Bridges 1989), and genetics 
(Gilbert and Gill 1990; Ohman and Lovejoy 1981 ). 
Previous Plateau Research 
The earliest research began with mortuary studies. The goal to develop a Plateau 
burial pattern began with Collier, Hudson and Ford (1942) and continued throughout the 
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20th century with Sprague (1967) and Combes(l 968) while Rodeffer (1 973) intended to 
formalize the distinctions between burial types. Their work was expanded and updated 
by McClure (1 984). Shulting's (1995) research explored mortuary assemblages 
throughout the Plateau. 
Osteological research on the Plateau has focused on the study of crania. Cranial 
modification analyses have long been of interest throughout the Pacific Northwest, 
particularly the Northwest Coast (Beattie 1985; Carlson 1990; Cybulski 1996). Although 
cranial modifications have been studied on the Plateau (Garner 1963; Heglar 1957; 
White 1962), no comprehensive review of modifications has been performed. 
Nonmetric, dental and paleonutritional studies have also been conducted. Carino 
(1987) used nonmetric traits to determine the biological distance of the Colville and Nez 
Perce populations. He determined that they were biologically different. Heglar ( 1957) 
used metric, nonmetric, dental and pathological data to determine that Plateau peoples 
were "homogeneous in the sense of a 'physical type"' (1 957:70). Lynch (1977) and 
Steen (1974) studied the dentition of the Plateau. Lynch (1977) noted that there were 
higher incidences of caries in historic populations. Steen ( 197 4) analyzed the teeth for 
hyposplasias, transparent dentin, interglobular dentin, and hypercementosis. He found 
that the second molars were most affected, suggesting a connection with weaning. 
Chisholm (1986) performed Stable Carbon Isotope analyses on Coastal and Interior 
British Columbian populations. He found that coastal populations obtained about 90% of 
their protein from marine resources while interior populations obtained 40-60% of their 
protein from marine resources (Chisholm 1986). 
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Postcranial research in the Plateau is beginning to gain popularity. Previously, 
data tended to be used only in stature and demographic studies or when trauma or 
paleopathologies are observed. Works in progress are utilizing the database from which 
the data in this study came from for postcranial research. Research is in the beginning 
stages, but will include additional studies using the biomechanical approach (Lourdes 
Henebry-DeLeon, personal communication, May 9, 2007). 
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Chapter 2 
History, Ethnography, and Archaeology of the Plateau 
"A simple definition of the Plateau culture area is that it is the region 
drained by the Columbia and Fraser rivers excepting certain portions of 
the northern Great Basin drained by the Snake River, itself a tributary of 
the Columbia River. The culture areas that border it are the Great Basin 
on the South, the Subartic on the north, the Northwest Coast on the west, 
and the Plains on the east" (Walker 1998:1). 
The Plateau culture area can generally be divided into three areas based primarily 
on environment and archaeology. The Northern Plateau (Figure 1), includes the 
drainages of the Fraser and upper Columbia Rivers. The Southern Plateau (Figure 2) is 
bordered on the north by the Okanogan Highlands, the west by the Cascade Mountain 
Range, the east by the Bitterroot Mountain Range and the south by the drainages of the 
Deschutes and John Day Rivers (Ames 1998). The Eastern Plateau (Figure 3) 
encompasses the drainage basins of the Kootenai, Pend Oreille, Spokane, Clearwater, and 
Salmon Rivers (Roll 1998). 
For this study the most southern extent, the south Okanogan Valley and Kettle 
Falls regions, of the Northern Plateau and the South-central and Southeast regions of the 
Southern Plateau will be discussed. 
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Figure 1: Northern Plateau Culture Area. 
From Pokotylo and Mitchell (1998: figure 1). 
7 
<lit 
l 
OREGON 
Figure 2: Southern Plateau Culture Area. 
From Ames et al (1998:figure 1). 
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Figure 3: Eastern Plateau Culture Area. 
From Roll and Hackenberger (1998:figure 1). 
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Environment 
"The Plateau is a region of high relief, varying from lowland plains only 100 
meters above sea level to precipitous peaks over 3000 meters high" (Chatters 1 998:29). 
As moist maritime air encounters the Cascade Mountains it releases its moisture resulting 
in high rainfall totals for the western slopes and peaks of the Cascades. As this air 
crosses over the mountains, it loses altitude and becomes drier (Chatters 1 998). This 
creates a rain shadow effect on the eastern side of the mountains. The Cascade 
Mountains can receive over 250 centimeters of precipitation annually whereas the 
Columbia Basin may only receive 16  to 30 cm (Chatters 1 998). 
The rain shadow effect creates great differences in vegetation. The lowland 
regions of the Plateau are covered with a shrub and bunch grass steppe. The Okanogan 
highlands and other upland regions of the Plateau are forested (Figure 4). 
These differing zones offered a wide variety of usable plants. Vast food resources 
were available throughout the year. Root crops, such as bitterroot, camas, wild onions 
and carrots, were very important on the Plateau (Chatters 1 998). 
Serviceberries, huckleberries, currants, and chokecherries were also equally 
important. Although sometimes the entire family would participate, women were the 
primary collectors and processors of plant food. 
Many different animals inhabit these varying vegetation zones. The most 
important mammals included elk, mule deer, white-tailed deer, moose, bison, mountain 
goat, and pronghorn (Chatters 1 998; Ames 2000). Spears, bows·and arrows, traps, 
deadfalls and snares were used in hunting (Miller 1 998). 
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Figure 4: Vegetation Regions of the Plateau. 
From Chatters (1998: figure 7) 
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Perhaps the most important resource in the Plateau were fishes. Anadromous fish 
such as Chinook, Sockeye, Chum, and Coho salmon and steelhead trout were most 
important but sturgeon, eel and suckers were also utilized (Chatters 1998; Ames 2000). 
The fishing itself was male oriented, while the processing (butchering and storage) was 
usually performed by women. Plateau Peoples utilized weirs, funnel and basket traps, 
nets, and spear and nets to collect fish (Miller 1998). 
History of the Plateau 
Prehistoric Period 
Plateau Prehistory can be divided into three chronological periods: "Early, 9000 
to 6000 B.C.; Middle 6000 to 2000B.C.; and Late 2000 B.C. to A.O. 1720 ... " (Chatters 
and Pokotylo 1998:73). 
The Early period is characterized by a low number of highly mobile broad­
spectrum hunter gatherers. In the Kettle Falls region of the Northern Plateau the Early 
Period artifact assemblages suggest hunting of large mammals, such as grizzlies, elk, and 
deer. The Northern Plateau assemblages include microblades, flake tools, leaf-shaped 
and notched points, and pebble sinkers (Chatters and Pokotylo 1998; Pokotylo and 
Mitchell 1998). There is also some evidence of fishing. Based on stable carbon isotope 
analysis of the Gore Creek "burial", it is suggested that terrestrial resources played a 
greater subsistence role than marine resources (Pokotylo and Mitchell 1998). 
The Southern Plateau is well represented in the archaeological record of the Early 
Period. Mammal and marine resource utilization are evident in the Southern Plateau. 
Faunal remains suggest that bison, elk, deer, pronghorn were hunted. Fish remains 
include salmon, suckers, and sturgeon. Tool assemblages from the Southern Plateau 
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include stemmed and shouldered lanceolate points, leaf shaped points, net weights and 
harpoons. Milling stones, manos, and edge-ground cobbles represent evidence for plant 
use. There is an indication for temporary shelters, but no evidence for storage. 
Cremations, found at Marmes Rockshelter, are the only evidence of mortuary practices in 
the Southern Plateau during this time period. 
The Middle Period is characterized by initially little change from the early period. 
The biggest changes were a direct result of climate change. The climate became more 
maritime at the beginning of this period. The maritime climate would of supported larger 
populations of ungulates and increased the availability of root plants. As a result new 
root processing tools, such as the mortar and pestle and earth ovens, came into use. 
Pithouses also appeared during the Middle Period. A semi-sedentary lifestyle became 
possible due to the increase in root plants and mammals. Near the end of this period 
there was an end to the construction of pithouses that corresponded to a population crash 
(Chatters and Pokotylo 1 998). Microblades occurred throughout the Plateau during this 
period. Mortuary practices in the Southern Plateau suggest a more complex burial 
pattern, the Western Idaho Burial Complex, with substantially more grave goods than in 
the earlier period. 
The Late Period begins with another change in climate on the Plateau and ends by 
1720 A.D. with the appearance of the horse. A cooler climate increased salmon 
productivity and decreased the availability of ungulates that were so common in the 
previous period. "At 2000-1900 B.C., the shift in adaptations from no-storage­
dependent, foragerlike strategies to storage-dependent collector strategies was well 
underway throughout the Plateau" (Chatters and Pokotylo 1998:76). The pithouses, 
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which all but disappeared in during the Middle Period, came into wide use. There is 
widespread evidence for the storage of root and marine resources. The procurement of 
salmon became paramount. This trend continues into the historic period. The Northern 
Plateau fishing site of Kettle Falls became an important site. Varied sizes of net weights 
during this period suggest the wide uses of many styles of nets for fishing. Population 
increased and large villages formed along the rivers of the Plateau. 
Because sites chosen for excavation were confined to those in the river 
bottom and also were those that promised to yield the most remains, there 
is a bias toward base camps and permanent villages in the archaeological 
evidence, and knowledge of activities in places of more ephemeral use is 
underrepresented. Despite this shortcoming . . .  two things seem clear: that 
there were seasonal movements between base camps and more temporary 
habitation sites and that the base camps themselves evidence much more 
stability of settlement than had been the case in earlier periods (Ames et al 
1998:112). 
The bow and arrow came into use in the Southern Plateau about 400 B.C. 
although atlatl use was still common throughout the period. The bow and arrow shows 
up in the archaeological record of the Northern Plateau around A.D. 500 (Chatters and 
Pokotylo 1998). 
Social inequality and conflict become evident in the archaeological record during 
the Late Period. Indicators of this inequality and conflict include art, cemeteries, grave 
goods, and differences in house sizes are all evident throughout the Plateau. Large 
cemeteries come into use, associated with house pit villages, around 500 B.C. (Ames 
2000). 
Fiber and wood artifacts enter the archaeological record during the Late Period. 
After A.D. 500 mat lodges appear on the Southern Plateau. 
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Historic Period 
The ethnographic pattern of the Plateau was well established by the beginning of 
the Historic Period. 
Among the distinguishing features of the Plateau are: riverine (linear) 
settlement patterns, reliance on a diverse subsistence base of anadromous 
fish and extensive game and root resources, a complex fishing technology 
similar to that seen on the Northwest Coast, mutual cross-utilization of 
subsistence resources among the various groups comprising the 
populations of the area, extension of kinship ties through extensive 
intermarriage throughout the area, extension of trade links throughout the 
area through institutionalized trading partnerships and regional trade fairs, 
limited political integration, primarily at the village and band levels, until 
the adoption of the horse, relatively uniform mythology, art styles, and 
religious beliefs and practices focused on the vision quest, shamanism, life 
cycle observances, and seasonal celebrations of the annual subsistence 
cycle. (Walker 1 998:3). 
Culture Groups were well established in the Plateau by the Historic Period 
(Figure 5). The Colville, Middle Columbia River Salishans, and Palouse Culture Groups 
encompass the areas from which the individuals in this study came from. Ethnographic 
information about these culture groups will be discussed within the framework of the 
Historic Period. 
The Historic Period on the Plateau can be divided into two periods. The Early 
Modem Period can be defined as the time between the introduction of the horse and the 
development of reservations. The Late Modem Period begins with the reservations and 
extends though modem times (Ames 2000). 
The early modem period was characterized by epidemic diseases, the introduction 
of the horse, widespread trade networks, the fur trade, Christian missionaries, and 
immigration into the Plateau. Fur traders along the Pacific coast brought epidemic 
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Figure 5: Tribal Territories of the Plateau. 
From Walker (1998: page ix). 
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diseases into the region. Epidemics are well documented from the early 19th century. 
Lewis and Clark described Plateau individuals with scars from smallpox in their journals. 
The great number of fatalities associated with the epidemics led to changes in burial 
practices. There were increases in grave goods and canoes, cists, and logs were used to 
enclose burials. 
Horses arrived on the Plateau through trade from what is now the Southwest 
United States. The horse enabled people to travel greater distances thus expanding their 
seasonal rounds and increased their carrying capacity. The travel allowed Plateau 
peoples to become more familiar with other regions. Greater wealth came with owning 
and breeding horses. The horse also increased the motivation for warfare. It was easier 
to travel farther distances and defeat rivals who were on foot. The Colville were more 
horse oriented than the other northern groups. 
The horse encouraged trade networks to expand throughout the Plateau and 
neighboring regions. Regional variations in plant and animal resources made trade 
necessary even within the Plateau Culture Area (Walker and Sprague 1998). 
European influences reached the Plateau as early as the 16th century, but it wasn't 
until the beginning of the 19th century that exploration into the Plateau began. Beginning 
with Lewis and Clark in 1805, explorers, fur traders, and missionaries provided useful 
ethnographic information on Plateau tribes. Trading posts were established throughout 
the Plateau. Trade goods replaced many indigenous tools. 
Fur traders, from the Hudson's Bay Company, advanced Christianity in the 
Plateau. In the early 19th century, fur trading companies were influential in much of the 
Northern Plateau. Forts and depots were established by the North West Company, Pacific 
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fur Company and the Hudson's Bay Company (Kennedy and Bouchard 1998). 
Christianity was surely introduced by the traders, but missionaries were well established 
in the area by the mid 19th century. 
The mid-1840s brought a great influx of United States immigrants into the 
Plateau. The stronghold of the United States on the Plateau took effect in 1848 when the 
region was granted territorial status. "More than 11,500 emigrants had passed over the 
Southern Plateau on the [Oregon] trail by 1850. These newcomers brought goods, 
diseases, and prejudices in far greater magnitude than introduced by nearly four decades 
of the fur trade" (Beckham 1998:149). 
Even in the midst of major change many plateau cultures survived unchanged 
until the middle of the 19th century (Ames 2000). Many cultures were additionally able 
to continue a modified indigenous lifestyle. 
Villages were still usually located along the major waterways indicating that fish 
were still a most valuable resource. Hunting, root digging, and berry picking was done in 
the higher elevations (Kennedy and Bouchard 1998). The Colville lived mainly on the 
Columbia and Kettle River waterways, thus fish was their most important food resource. 
Kettle Falls was one of the most important fisheries, people from throughout the Plateau 
gathered there (Miller 1998) "In 1866 a government official among the Colville 
estimated the 5/8ths of their diet was comprised of salmon . . .  " (Kennedy and Bouchard 
1998:241). 
The Northern Plateau groups utilized pit houses, tule mat lodges, and skin or 
bark-covered lodges. Among the Colville, the tule mat lodge was by far the most 
prevalent, being replaced in the early 20th century by the Plains style tepee (Kennedy and 
18 
Bouchard 1 998). Pithouses were replaced by tule mat houses in the Southern Plateau 
(Miller 1998). 
The Late Modem Period is exemplified by the interaction between the growing 
American population, the United States Government, and the Indians. One of the first 
conflicts of interest between the Indians and the government was the establishment of the 
49th parallel as the dividing line between the United States and Canada. Tribal territories 
were intersected affecting the ability to freely move within ones own territory, or 
continue seasonal rounds if the route happened to cross the line. 
When the Washington Territory was established in 1853, the new governor, Isaac 
I. Stevens, was given the responsibility of Indian affairs. The reservation period is 
characterized by the removal of Indians from their aboriginal lands, their placement on 
reservations, and the introduction of agriculture. 
At the heart of the enterprise was the federal goal to transform the fishing, 
hunting and gathering economies of the Plateau tribes into sedentary, 
agricultural lifeways. To accomplish this the agents promoted agriculture 
through crop raising, construction of mills and manual labor training 
programs. The agents founded both day schools and, on larger 
reservations, boarding schools to facilitate the transformation (Beckham 
1998:155). 
Reservation lines were often redrawn to accommodate Euro-American interests. 
The discovery of gold, construction of wagon roads and railroads, and congressional 
enactments to allow for non-Indian use of reservation lands (for cattle drives, buttress for 
towns, etc), all allowed more land to be ceded from the original reservation territory 
(Figure 6). 
The Colville Reservation was established in 1 872. The Colville Reservation was 
created by presidential order and not by a treaty. Three months later the boundaries were 
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Figure 6: Plateau Reservations and Reserves. 
From Lahren (1998: figure 1). 
1 15° 
20 
Canadian Reserws 
size In acres 
redrawn to exclude much favorable land. Intertribal tension was high on the reservation 
because boundaries were intersected and conflicting groups were placed together (Lahren 
1998). Many Northern Plateau and Middle Columbia River Salishan Groups were placed 
on this reservation, including " . . .  the Methow, Okanogan, Sanpoil, Nespelem, Lakes, 
Colville, Kalispel, Spokane, Coeur d'Alene, and the scattered bands of the Chelan, Entiat, 
and Southern Okanogan" (Lahren 1998:492). 
Perhaps the greatest challenges to the continuation of an indigenous lifestyle was 
the loss of access to fishing grounds and reduced numbers of salmon and damming of the 
Columbia and Snake Rivers in the 20th century. In the late 19th century fishing became a 
very profitable commercial venture. Settlers blocked access by Indians to traditional 
fishing grounds. Gill nets and fish wheels used by Euro-Americans caused overfishing. 
Adding to the problem, dams were built and indigenous fishing grounds were inundated 
and the upstream migrations of salmon were blocked. Courts ruled that Indians could 
fish off-reservation, but the salmon runs were significantly reduced. 
The indigenous lifeways of the Prehistoric Peoples of the Columbia Plateau were 
significantly changed during the Historic Period. While many activities continued in a 
modified fashion, the introduction of the horse and the effect of migration undoubtedly 
changed life on the Plateau. 
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Chapter 3 
Methods and Materials 
Sample 
During the mid 20th century much archaeological work in the Plateau was focused 
on Cultural Resource Management. With the damming of the Columbia and Snake rivers 
research focused on the collection of data from areas which would be inundated with 
water, by the creation of reservoirs, when dams were built. The data used in this study 
comes directly from this research in the lower Snake River and upper Columbia River 
regions funded primarily through the United States Bureau of Reclamation and Army 
Corps of Engineers. Site and sample information is available in Table 1. 
Individuals were selected based on completeness, age, accessibility, and 
provenance. Individuals were measured and assigned sex and age by Thomas M.J. 
Mulinski, Susan A. Purves, or Walter Birbky. Thomas M.J. Mulinski conducted most of 
the work, working with Susan A. Purves on a few individuals. Walter Birkby performed 
the measurements on 45FR36. Interobserver error should be low due to the number of 
researchers. 
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Table 1: Site and Sample Information 
Site Sample Size Date References 
45FE07 N=l Historic Collier et al, 1942; Sprague and 1 female Mulinski, 1980; Schulting, 1 994 
45FE1 N
=7 early historic Sprague and Birkby, 1 970 2 females, 5 males 
45FE24 N
=lO  Historic Schulting, 1994; Collier et al, 1942; 7 females, 3 males Sprague and Birkby, 1970 
45FE38 N
=2 early historic Sprague and Birkby, 1 970 1 female, 1 male 
45ST50 N=l late prehistoric Sprague and Mulinski, 1980; Collier et 1 female al, 1942 
45AS02 N
= l late prehistoric Daugherty and Dammel, 1952; 1 female Rodeffer, 1 973; Sprague, 1 978 
45AS8 lb N
=34 Historic Rodeffer et al., 1972 21  females, 13 males 
45BN296 N=l Historic Wegars et al, 1983 1 female 
Carino, 1 987; Collins and Andrefsky, 
1995; Fielder, 1979; Gunselman and 
45FR36 N
=44 Historic Sprague, 2003 ; Osborne, 1948; Pullen, 26 females, 1 8  males 1970; Redfield, 1969; Sprague, 1965, 
1 967, 1968; Thompson, 197 1 ;  Trafzer, 
1985 
45GA100 N
= l late prehistoric Sprague, 1978 1 male 
45WT101b N
=9 late prehistoric Rodeffer et al., 1972; Sprague, 1 978 2 females, 7males 
45WT102 N=4 late prehistoric Sprague, 1978 1 female, 3 males 
45WT47b N
=2 Historic Sprague, 1978 1 female, 1 male 
45WT99 N
= l late prehistoric Sprague, 1 978 1 male 
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Eight measurements were collected from the databases (Table 2). Femur midshaft 
diaphyseal shape was calculated by dividing midshaft anterioposterior diameter by 
midshaft mediolateral diameter. The femur subtrochanteric shape was calculated using 
the platymeric index, which is determined by dividing subtrochanteric anteroposterior 
diameter by subtrochanteric mediolateral diameter and multiplying by 100. 
Table 2:Femoral Measurements and Calculations 
Fem oral Measurement Abbreviation 
Maximum Length FML 
Trochanteric Length FTL 
Midshaft anteroposterior diameter APD 
Midshaft mediolateral diameter MLD 
Midshaft Circumference CMD 
Subtrochanteric mediolateral diameter MLS 
Subtrochanteric anteroposterior diameter APS 
Maximum diameter of head FHD 
Midshaft diaphyseal shape MDS 
Platymeric Index PI 
Analysis 
Due to an unequal sex ratio in the sample, the data was standardized on sex 
specific means. Midshaft diaphyseal and subtrochanteric shape calculations were not 
standardized. The standard score ( also called z-score) is a number derived by subtracting 
the population mean from the individual score and then dividing the difference by the 
population standard deviation. The following formulae were used; Zm=z-scores for 
males = (Xi-Xm)/sd and Zf=z-scores for females= (Xi-Xf)/sd. The z-score represents 
how many standard deviations away from the mean the individual scores lie. 
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The sexes were then combined and tested for femoral size and shape variation 
between the prehistoric and historic time periods and between the north and south regions 
of the Plateau. A t-test was used to test the null hypothesis that the means of two 
normally distributed populations are equal. The null hypothesis is rejected if the p-value 
is less than or equal to the significance level of 0.05. 
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Chapter 4 
Results 
Table 3 contains the raw means of all the measurements grouped by sex for the 
entire sample and for temporal and spatial factors. Appendix A contains the raw data. 
Table 4 provides summary statistics for the comparison of the Southern and 
Northern Plateau samples. Results indicate that the null hypothesis cannot be rejected at 
the 0.05 level, suggesting that there are no differences in the means of any femoral 
measurement or diaphyseal shape. 
Table 5 presents the summary statistics in the comparison of the Historic 
and Prehistoric samples. Results indicate that there are differences in the femoral 
measurements of prehistoric and historic populations. Femoral size differences are 
significant in the maximum diameter of the head, and size and shape differences are 
evident in the following measurements; midshaft mediolateral diameter, trochanteric 
length, and femur midshaft diaphyseal shape. 
Historic populations have a larger femoral head diameter, and tend to have 
shorter, wider (mediolaterally at midshaft) femora. While prehistoric populations have 
longer femora that is anteroposteriorly elongated at midshaft. 
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Table 3:Raw Means, by Sex 
PI MDS FML FTL APO MLD CMD MLS APS FDH 
All 82.3 1 . 142 439.4 435 .3 29.6 25 .96 88.22 3 1 .2 25 .53 47.09 
Males 
N=53 6.4 0. 102 23 .39 23. 12 2.858 1 .539 5 .408 2.256 1 .904 3.5 13 
All 78.2 1 .069 401 .5 403 .3 25.95 24.4 1 79.92 29.48 23 42.7 
Females 
N=65 9.8 0 . 102 45.75 1 8.74 2.056 2.226 5 .729 1 .756 2.468 2.653 
Historic 83.2 1 . 136 437.244 432.950 29.732 26. 195 88.293 3 1 .024 25.732 47.684 
Males 
N=41 6.6 0. 109 25.8 1 5  25.650 3.082 1 .4 18  5 .627 2.3 1 8  1 .962 3 .595 
Historic 78.2 1 .066 402.88 1 402.772 25 .950 24.483 79.814 29.450 22.950 42.797 
Females 
N=60 9.9 0. 103 43 .378 18.643 2.078 2.288 5 .871 1 .827 2.521 2.683 
Prehistoric 79.3 1 . 164 447.667 443.750 29.250 25. 1 67 87.9 17 3 1 .667 25.083 44.429 
Males 
N=l2 5 . 1 0.076 12.908 1 1 .955 2.26 1 1 .80 1 5.2 13  1 .826 1 .730 1 .6 18  
Prehistoric 78.7 1 . 102 387.200 4 14.750 26.400 24.000 82.200 30.000 23 .600 42.250 
Females 
N=5 8.2 0.092 76.75 1 19.856 1 .949 1 .225 3 .564 0.707 2. 191  1 .893 
South 82.2 1 . 1 5 1  44 1 .227 436.698 29.682 25.8 1 8  88. 1 82 3 1 .068 25.455 47.395 
Males 
N=44 6.6 0. 105 23 .92 1 23 .806 2.802 1 .498 5 .073 2.256 1 .848 3 .673 
South 77. 1 1 .074 399.6 1 5  402.9 18  25.98 1 24.358 79.750 29.604 22.8 1 1  42.942 
Females 
N=53 7.3 0. 1 10 50. 103 1 8.4 1 5  2.024 2.296 5 .861 1 .668 2.3 13 2.740 
North 82.9 1 .097 43 1 .667 429.444 29.333 26.667 88.333 3 1 .667 26.222 46.000 
Males 
N=9 5.5 0.076 22.935 22.678 3 .536 1 .732 7.583 2.062 2.224 2.769 
North 83.0 1 .047 410.500 406. 167 26.000 24.833 8 1 .083 29.000 23.833 4 1 .909 
Females 
N= l2 16.5 0.058 20.554 20.897 2.296 1 .899 5 .282 2. 174 3 . 129 1 .921 
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Table 4: Comparison of Southern and Northern Plateau Samples 
PI MDS FML FTL APD MLD CMD MLS APS FDH 
SOUTH 
MEAN 79.4 1 . 1 09 0.0 13 0.0 17 0.020 -0.055 -0.0 19 0.0 10 -0.059 0.089 
N=98 
SOUTH 7.4 0. 1 14 1 .059 1 .000 0.978 1 .001 0.980 0.970 0.948 1 .032 SD 
NORTH 
MEAN 83.0 1 .069 -0.030 -0.022 -0.027 0.305 0. 125 -0.069 0.349 -0.303 
N=2 1 
NORTH 12.7 0.069 0.753 1 .054 1 . 141 0.962 1 . 123 1 . 1 12 1 . 196 0.727 SD 
TTEST 1 .753 1 .545 0 . 176 0. 160 0. 194 1 .506 0.595 0.330 1 .706 1 .535 
PVALUE 0.082 0. 125 0.860 0.873 0.847 0. 135 0.553 0.742 0.09 1 0 . 128 
Table 5: Comparison of Historic and Prehistoric Plateau Samples 
PI MDS FML FTL APD MLD CMD MLS APS FDH 
HISTORIC 
MEAN 80.2 1 .094 -0.020 -0.059 0.0 17 0.081 -0.006 -0.043 0.032 0.088 
N=lO l  
HISTORIC 9.0 0. 1 10 1 .0 1 1 1 .039 1 .034 0.983 1 .026 1 .030 1 .022 1 .0 13  SD 
PRE-
HISTORIC 79. 1 1 . 146 0. 157 0.426 -0.023 -0.420 0.078 0.232 -0.093 -0.543 MEAN 
N=1 8  
PRE-
HISTORIC 5.9 0.083 1 .005 0.658 0.825 1 .020 0.884 0.702 0.903 0.606 
SD 
TTEST 0.498 1 .908 0.684 1 .86 0. 1 55 1 .98 1 0.326 1 .087 0.486 2. 106 
PVALUE 0.6 19 0.059 0.495 0.066 0.877 0.050 0.745 0.279 0.628 0.038 
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Chapter 5 
Conclusions 
This study seems to support the biomechanical model's assertions that changes 
occurred in the femora of Plateau populations between the Prehistoric and Historic 
Periods and that these changes may be attributed to the change from hunter-gatherer 
subsistence strategies to a more sedentary lifestyle. 
Although some Plateau peoples continued a modified indigenous lifestyle during 
the historic period, the intensity of activities probably did change. Extensive trade 
networks developed during the Historic Period, thus reducing the amount and type of 
labor performed. The prehistoric peoples traveled great distances in their seasonal rounds 
that focused on the procurement of mammals, fish, and root plants, whereas the peoples 
of the Historic Period may have only performed one or two of these activities and relied 
on trade for their remaining needs. A shift to agricultural subsistence, supported by the 
United States government through the introduction of reservations, changed the historic 
peoples workload. The use of the horse for transportation during the Historic Period 
would have reduced the mechanical load placed on the femur. 
As a result of the more strenuous activities of the Prehistoric Period, individuals 
should exhibit an anteroposteriorly elongated femur. This is evident in this study. The 
anteroposterior bending is the result of modeling that occurs in direct relation to the 
amount of mechanical loading placed on the bone. 
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In conclusion, this study examined the femoral variation on the Plateau of North 
America by using external measurements. Femoral measurements from the Northern and 
Southern regions of the Plateau were analyzed for temporal and spatial changes in femur 
shape using the biomechanical model. Results indicate that there are no differences 
between the Northern and Southern Plateau samples, but there are differences in the 
femoral measurements of prehistoric and historic populations. Historic populations have 
a larger femoral head diameter, and tend to have shorter, wider femora, while prehistoric 
populations tend to have a longer femora that is anteroposteriorly elongated at midshaft. 
Based on the biomechanical model, these differences are the result of changes in the 
mechanical loads place on the femur during the highly mobile prehistoric period and the 
increasingly sedentary historic period. 
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Appendix A 
Raw Data 
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SITE REGION PERIOD # SEX FML FTL APD MLD CMD MLS APS FDH 
45wt99 s prehistoric 1 1  m 477 473 33 26 93 33 26 45 
45wt47b s historic 1 m 434 430 28 25 86 29 24 46 
45wt102 s prehistoric 2 m 452 447 29 24 83 30 24 45 
45wt102 s prehistoric 9 m 447 444 30 26 87 3 1  27 45 
45wt102 s prehistoric 1 1  m 453 450 30 26 89 32 26 47 
45wtl0lb s prehistoric 5 m 440 435 27 23 80 30 22 42 
45wt101b s prehistoric 2 1  m 434 433 29 26 91  33 25 
45wt10lb s prehistoric 23 m 467 457 30 24 88 3 1  26 
45wtl0lb s prehistoric 28 m 439 432 25 23 83 32 26 
45wt101b s prehistoric 33 m 443 441 26 24 82 30 23 
45wtl0lb s prehistoric 45 m 440 435 3 1  24 90 29 24 43 
45wt10 1b s prehistoric 1 5a m 444 443 3 1  29 98 34 28 
45ga100 s prehistoric 25 m 436 435 30 27 9 1  35 24 44 
45fr36 s historic 2 m 436 435 35 28 97 35 29 50 
45fr36 s historic 3 m 425 421 27 29 82 27 24 48 
45fr36 s historic 7 m 421 416 33  27 9 1  34 25 47 
45fr36 s historic 8 m 5 1 1  507 34 27 95 32 29 54 
45fr36 s historic 9 m 489 487 34 25 94 29 27 49 
45fr36 s historic 1 5  m 474 33 25 9 1  3 1  28 52 
45fr36 s historic 23 m 440 432 27 26 84 30 26 44 
45fr36 s historic 24 m 446 445 3 1  26 90 36 26 5 1  
45fr36 s historic 37 m 466 463 3 1  28 89 32 28 50 
45fr36 s historic 50 m 420 4 16  27 24 80 3 1  24 46 
45fr36 s historic 69 m 462 459 3 1  27 9 1  34 26 49 
45fr36 s historic 87 m 468 466 34 27 95 30 29 50 
45fr36 s historic 89 m 417 414 32 26 92 36 27 5 1  
45fr36 s historic 90 m 426 422 32 26 9 1  3 1  27 45 
45fr36 s historic 1 59 m 403 395 25 26 78 32 24 44 
45fr36 s historic 193 m 454 452 32 26 88 3 1  26 49 
45fr36 s historic 203 m 441 438 30 26 87 30 25 45 
45fr36 s historic 244 m 440 438 33 27 94 32 27 46 
45as8 1b s historic 42 m 438 435 29 26 94 3 1  26 48 
45as8 1b s historic 54 m 426 423 25 23 77 28 22 
45as8 1b s historic 17  m 440 429 3 1  27 9 1  32 26 47 
45as8 1b s historic 1 8  m 396 394 29 25 87 29 24 43 
45as81b s historic 2 1  m 430 421 28 24 83 28 24 61  
45as8 1b s historic 23 m 466 462 30 26 9 1  30  27 52 
45as8 1b s historic 68a m 383 381  28 25 88 29 24 45 
45as8 1b s historic 73 m 418  4 14  29 25 88 28 25 45 
45as81b s historic 79 m 432 430 27 28 87 33 24 47 
45as81b  s historic 91  m 420 4 17  24 27 82 30 22 44 
45as8 lb s historic 92 m 450 445 3 1  25 92 27 26 47 
45as8 1b  s historic 96 m 457 456 30 25 87 29 25 45 
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SITE REGION PERIOD # SEX FML FTL APO MLD CMD MLS APS FDH 
45as8 1b s historic 100 m 413  4 10  25 27 83 3 1  23 50 
45fe38 n historic 1 m 457 453 28 26 85 32 25 5 1  
45fe24 n historic 22 m 455 453 35 29 10 1  34 28 
45fe24 n historic 3 1  m 413  4 12  32  27 93 3 1  29 46 
45fe24 n historic 35  m 436 434 28 25 86 3 1  23 
45fel n historic la m 389 387 23 24 74 27 23 44 
45fel n historic 20a m 452 450 28 26 89 32 26 46 
45fel n historic 22 m 434 432 32 28 92 32 28 44 
45fel n historic 23 m 437 435 3 1  29 92 34 28 48 
45fel n historic 24 m 412 409 27 26 83 32 26 43 
45wt47b s historic 4 f 434 430 28 25 86 29 24 46 
45wtl02 s prehistoric 3 f 449 440 29 25 87 3 1  24 45 
45wt10lb s prehistoric 22 f 397 392 24 24 79 30 20 4 1  
45wt10lb s prehistoric 40 f 420 4 17  25 24 80 30 24 42 
45fr36 s historic 5 f 397 396 23 23 72 30 2 1  42 
45fr36 s historic 14 f 396 390 28 27 84 3 1  24 42 
45fr36 s historic 28 f 380 374 25 25 77 3 1  22 42 
45fr36 s historic 30 f 405 395 26 24 79 27 24 42 
45fr36 s historic 3 1  f 421 4 17  26 25 79 29 2 1  39 
45fr36 s historic 40 f 388 379 25 24 76 3 1  23 43 
45fr36 s historic 46 f 406 392 25 25 77 29 23 42 
45fr36 s historic 57 f 403 395 29 24 82 3 1  23 43 
45fr36 s historic 66 f 420 4 15  26 26 80 3 1  22 43 
45fr36 s historic 88 f 392 388 23 2 1  68 29 19  42 
�5fr36 s historic 95 f 425 42 1 27 26 82 3 1  24 43 
45fr36 s historic 96 f 442 436 28 25 8 1  3 1  23 44 
45fr36 s historic 1 10 f 442 435 29 26 87 33 27 49 
45fr36 s historic 1 1 1  f 386 24 22 72 29 2 1  42 
45fr36 s historic 1 13 f 395 388 27 25 80 30 22 45 
45fr36 s historic 1 1 8 f 420 27 24 79 28 23 44 
45fr36 s historic 122 f 418  4 13  28 25 80 32 26 47 
45fr36 s historic 1 52 f 106 402 23 24 73 29 2 1  42 
45fr36 s historic 16 1  f 396 392 24 25 77 30 23 42 
45fr36 s historic 195 f 400 400 29 26 85 33 25 42 
45fr36 s historic 196 f 377 369 23 14 60 28 1 5  39 
45fr36 s historic 208 f 415  407 24 22 72 27 19 44 
45fr36 s historic 220 f 386 381 24 23 73 28 20 38 
45fr36 s historic 234 f 413 410  29 24 83 29 25 44 
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45fr36 s historic A f 394 390 25 22 74 27 22 36 
45fr36 s historic 245 f 375 371 24 23 73 28 2 1  42 
45bn296 s historic 2 f 394 392 25 28 32 25 40 
45as8 1b s historic 44 f 436 432 28 27 87 33 27 48 
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�5as8lb s historic 45 f 404 398 23 24 78 32 24 44 
45as8 lb s historic 47a f 25 21  79 26 24 41  
45as8lb s historic 47b f 404 394 23 24 78 30 19 48 
45as8 lb s historic 47c f 385 377 23 23 74 29 20 40 
45as8 lb s historic 5 1  f 422 416 23 25 79 29 2 1  40 
45as8 lb s historic 2 f 414 405 27 25 89 29 26 45 
45as8 lb s historic 7 f 425 423 26 25 83 29 23 4 1  
45as8 lb s historic 9 f 439 433 26 25 86 28 24 47 
45as8lb s historic 14a f 434 429 27 24 8 1  30 23 42 
45as8 lb s historic 27a f 426 419 26 24 80 28 23 40 
45as8 lb s historic 28a f 401 388 24 20 74 29 2 1  50 
45as8 lb s historic 30 f 42 1 416 30 28 80 26 22 42 
45as8 lb s historic 3 1  f 385 383 28 25 85 30 23 44 
45as8 lb s historic 34a f 409 401 28 28 92 30 27 46 
45as8 lb s historic 60a f 417 4 12 27 25 83 3 1  25 4 1  
45as8 lb s historic 63 f 41 1 404 25 26 85 3 1  24 44 
45as8 lb s historic 83 f 415  4 1 1  28 27 89 30 24 42 
45as8 lb s historic 95a f 385 383 28 28 78 28 2 1  44 
45as8 lb s historic 99 f 397 392 26 25 85 30 22 42 
45as8lb s historic 103 f 404 400 27 24 85 28 24 45 
45as02 s prehistoric 5 f 254 27 22 80 29 26 
45st50 n prehistoric 3 f 416 410 27 25 85 30 24 41  
45fe38 n historic 2 f 407 406 23 23 75 32 22 41  
45fe24 n historic 10 f 408 404 24 24 78 28 24 40 
45fe24 n historic 1 3  f 412 410 26 27 83 30 23 42 
45fe24 n historic 28 f 449 446 30 28 89 25 33 43 
45fe24 n historic 29 f 367 363 22 2 1  70 26 20 
45fe24 n historic 34 f 395 386 26 27 86 29 24 43 
45fe24 n historic 36 f 402 398 27 25 84 28 24 44 
45fe24 n historic 39 f 397 393 27 25 82 3 1  23 40 
45fel n historic 5 f 434 429 29 25 84 29 24 41  
45fel n historic 7 f 422 417  26 24 78 32 22 46 
45fe07 n historic 5 f 417  412 25 24 79 28 23 40 
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